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18In this paper, semi-empirical relationships for calculating the electrical conductivities of sodium dodecyl sulfate
19(SDS) solutions in the presence of different concentrations of sodium carbonate and potassium persulfate Q4(KPS),
20which are used in emulsion polymerization, are given. The results of these methods for predicting the electrical
21conductivities are given and compared with each other and with experimental data. Finally, a new method for
22conductivity prediction is presented. The new method, based on this study, predicts the conductivity of electro-
23lyte solutions more accurately, especially in amoderate or relatively high concentration of electrolytes. Hence, to
24show the superiority of this method compared to previous methods, the conductivities of different concentra-
25tions of combinations of these electrolytes were evaluated and compared with the previous methods. Similarly,
26the effects of the concentration of electrolytes on electrical conductance of SDS solutions above and below the
27critical micelle concentration (CMC) are studied.

28 © 2014 Published by Elsevier B.V.
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33 1. Introduction

34 Electrical conductivity is one of the main transport properties of
35 aqueous electrolyte systems. The electrical conductivity of solutions
36 and its dependence on temperature, concentration, and chemical nature
37 of the solvents is an interesting issue in both theoretical and technolog-
38 ical fieldsQ6 due to various applications. For instanceQ7 , in engineering appli-
39 cations, information of the electrical conductivity is significant for the
40 design and optimization of diverse processes and devices, particularly
41 those relating to electrochemical systems, such as electrolysis equip-
42 ments and high-performance batteries [1,2]. In addition, the conduc-
43 tance of electrolyte solutions is one of the most considerable factors in
44 lithium ion batteries, where the electrolyte comprisesQ8 lithium salts
45 (e.g. LiPF6) in organic solvent solutions [3]. Moreover, the calculation
46 of the electrical conductivity of concentrated aqueous electrolyte solu-
47 tions is helpful for many industrial processes such as plating, material
48 transport, solid deposition, and corrosion protection [4]. In the area of
49 corrosion protection, electrical conductivity provides useful knowledge
50 for estimating the corrosivity of aqueousmedia and for the design of ca-
51 thodic protection systems. Electrical conductivity can also be used to
52 gain insight into the properties of electrolyte solutions and to determine
53 characteristic physical quantities, such as dissociation constants [1,2].
54 The practicable significance of the electrical conductivity and the
55 theory of electrolyte solutions have attracted increasing interest of re-
56 searchers, due to the large quantity of experimental results published

57freshly [2,3,5,6]. However, little attention has been paid to the develop-
58ment of a model and some reasonable coefficients to calculate the elec-
59trical conductivity of the electrolyte solutions that are widely used in
60emulsion polymerization systems, such as solutions with initiators or
61buffers, especially at 60 °C (reaction temperature). The model should
62be accurate not only at low concentrations but also in high concentra-
63tion systems. In particular, to the best of our knowledge, no effort has
64beenmade to declare a semi-empirical relationship or amodelwith rea-
65sonable coefficients for predicting the electrical conductivity of Na2CO3

66and KPS solutions that are crucialmaterials in emulsion polymerization,
67when Na2CO3 and KPS solutions are used as buffer and initiator, respec-
68tively. It is worth noting that the absence of Na2CO3 in the emulsion po-
69lymerization of butadiene, with SDS as a surfactant, causes the reaction
70to go very slowly. Also, little attention has been paid to the prediction of
71the effect of concentration on the electrical conductivity of the SDS solu-
72tion above and below the criticalmicelle concentration (CMC), especial-
73ly with these electrolytes.
74The objective of this study is to declare a semi-empirical relationship
75and some reasonable coefficients for some models shown in the litera-
76ture to predict electrical conductivity of important solutions used in
77emulsion polymerization at 25 °C and 60 °C. Themain goal of this article
78is to propose a newmethod for predicting the electrical conductivity of
79solutions, which is accurate not only in low concentration solutions but
80also in moderate or relatively high concentration aqueous electrolyte
81solutions at emulsion polymerization reaction temperature, and in ad-
82dition, to predict the effect of concentration on the electrical conduc-
83tance of SDS solutions above and below the CMC. Finally, obtained
84results were compared with the experimental data.
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85 2. Experiments

86 The salts Na2CO3 (Applichem, 99.5+%) and KPS (Merck, 99+%)
87 were used. Distilled water was used to prepare the solutions. SDS
88 (Merck, 99+%) was used as received without further purification.
89 In this study, a radiometer CDM210 conductometer with a radiome-
90 ter conductivity cell was used. The conductivity cell was calibrated by
91 measuringQ9 the conductivity of KCl solutions at various concentrations.
92 Experiments took placeQ10 by adding diverse amounts of surfactant solu-
93 tion to a fixed volume of electrolyte solution and measuring the
94 conductivity.

95 3. Results and discussion

96 3.1. Estimation of electrical conductivity of SDS solutions with different con-
97 centrations of KPS and Na2CO3 electrolytes

98 To estimate the solution conductivity derived from the concentra-
99 tion of surfactant ions, counterions, and micelles, semi-empirical
100 models are submitted. Fig. 1 displays the experimental data for conduc-
101 tometric SDS titration of distilled deionized water at 25 °C and 60 °C. In
102 this figure, alteration of the slope of the titration curve is attributed to
103 the saturation point where micelles start to form (i.e., the CMC) [7]. It
104 is presumed that the aqueous surfactant solution is conformed to
105 Kohlrausch's law. Therefore, the computed electrolyte conductivity

106σcalc Q11(mS/cm) can be expressed as a weighted sum of the equivalent
107conductivity λi (mS cm2/mmol) of each ionic species [1,2,8]. Q12

σcalc ¼
X

ziciλi ð1Þ
109109

The quantities zi and ci (mmol/cm3 or mol/L) are the species valence
110and aqueous molar concentration, respectively. For pure aqueous SDS
111solution, the electrolyte conductivity σcalc can be determined as the
112sum of the corresponding molar equivalent conductivities of Na+

113(λNa+) and DS− (λDS−) ions according to [9,10]:

σcalc ¼ λNaþ Naþ
h i

þ λDS− DS−½ �: ð2Þ
115115

Inwhat follows, the changes of conductivitywith SDS concentration,
116which is depicted in Fig. 1 at 25 °C and 60 °C, are described. For a given
117SDS concentration below the CMC (line 1), when there is nomicelle, the
118surfactants act as strong electrolytes at very low concentrations. Conse-
119quently, it is reasonable to presume the perfect dissociation of the SDS,
120that is, [Na+]= [DS−]= [ST], where [ST] represents the total concentra-
121tion of surfactant and the electrical conductance of the solution is then
122given by [11,12]:

σcalc ¼ λNaþ þ λDS−ð Þ ST½ � ð3Þ

124124where (λNa+ + λDS− Q13) is the slope of line 1 in Fig. 1. In the cases that con-
centrations are above the CMC (line 2), the solution conductivity is eval-

125uated from the following equations [12]:

σcalc ¼ λNaþ þ λDS−ð ÞCMCþ ST½ �−CMCð Þ
a

λNaþ ð4Þ
127127

128Q14

¼ a−1ð Þ
a

λNaþ þ λDS−

� �
Saq
h i

þ λNaþ

a
ST½ � ð5aÞ

130130

131Q15

Saq
h i

¼ ST½ �
CMC

ST½ �≺CMC
ST½ �≻CMC

n
ð5bÞ

133133where λNaþ
a is the slope of line 2 in Fig. 1. It should be noted that the

effective factors, such as the addition of electrolytes, temperature,
134addition of organic modifiers, ionic strength of the aqueous solution,
135and presence of additives can change the CMC value from that of
136Q16determined in pure water. Therefore, a comprehensive investigation
137has been done, by the authors of this paper, on the micellization behav-
138ior of SDS Q17with different electrolytes, such as Na2CO3 and KPS electro-
139lytes in different temperatures [13].
140In concentrations above the CMC, the superfluity surfactant mole-
141cules aggregate in the aqueous phase, and micelles are shaped by DS−

Fig. 1.Model prediction and experimental conductivity data for SDS titration of distilled
deionized water at a) 25 °C and b) 60 °C.

Fig. 2. Surfactant adsorption on polymer particles and surfactant aggregation for micelle
formation.
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